Existing research has consistently demonstrated poor compliance by healthcare workers with hand hygiene standards. This study examined the extent to which incorrect hand hygiene occurred as a result of the inability to easily distinguish between different hand hygiene solutions placed at washbasins.
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Background
Hand hygiene is well established as the fundamental principle and practice underscoring the prevention and control of healthcare-associated infection (HAI). 1 3 Poorer compliance in EDs has been attributed to a variety of factors, including time constraints, acuity of patient illness and injury, perceived urgency of the clinical situation, health worker skill mix, overcrowding, and the large numbers of patient contacts. [4] [5] [6] [7] Improvement of healthcare workers (HCW) hand hygiene practices is therefore a challenge and multiple studies have indicated that hand hygiene compliance can only be improved and sustained through the use of an approach that takes into account the multifaceted nature of behaviour change. [8] [9] [10] Efforts to improve hand hygiene compliance include continuous education and motivation programs [9] [10] [11] [12] and the measurement and feedback of hand hygiene compliance rate to users 2, 9, 10, 12 One important factor known to influence hand hygiene performance is the availability, utility and accessibility of hand hygiene products. 2 Evidence and best practice indicates that in some instances of hand hygiene practice the location and accessibility of hand hygiene products directly influences hand hygiene behaviour. [9] [10] [11] [12] [13] This is most notable with the accessibility of alcohol-based hand hygiene products. Put simply the closer the alcohol-based hand rub to the point of indication of use, such as the end of the patient bed or on the wall in each clinical care area, directly influences practice. Furthermore, research has shown that it saves time and preliminary data reported by Widmer 14, 15 demonstrate better compliance than hand washing.
One author (MS) perceived a problem with the inability to identify and readily distinguish the different hand hygiene solutions located at hand washbasins in the ED. This resulted in his intermittent use of moisturising lotion instead of soap solution. This study sought to determine how frequent this problem was as measured by hesitation during product selection and use of an incorrect solution for hand washing.
METHODS
Study Design
A non-experimental, descriptive observational study was used to examine the hand hygiene practices of ED health personnel. The university and hospital human research ethics committees approved this study. There were no variations to the approved study protocol and no complaints received.
Study Procedures
Study Setting and Population
This study was conducted at a 760-bed metropolitan, adult, tertiary-referral hospital and level one trauma centre in Australia. The ED saw nearly 50,000 presentations annually with an admission rate of 35%. In the acute and observation areas of the ED there were 21 hand washbasins of which 16 (defined as Type L) had the soap solution situated on the left of the basin and moisturising lotion on the right side of the basin. The remaining five basins (defined as Type R) had the reverse configuration with the moisturiser on the left and the soap solution on the right (see Figure 1 ). Alcohol-based hand hygiene product was available randomly throughout the unit in wall-mounted or stand-alone dispensers.
Study Participants
The participants in this study were staff of the ED. Written consent for participation was not sought due to the nature of the study and technology. Staff were aware the cameras were installed for observing hand hygiene practices but not the specific variables being measured.
It was also impossible for staff to discern whether the cameras were filming once activated during use of the hand wash basins. Participant Information Sheets were emailed to all ED staff, posted on staff noticeboards, and circulated to all staff during meetings, two weeks prior to the commencement of the study to enable participant consent. Staff were advised that only six hand washbasins had cameras and they could use another basin if they did not want to participate in the study. While specific features such as type of uniform or presence of hospital identification tag were used to categorise the craft group from video footage, no person-identifiable information was recorded and no staff were generally identified or otherwise. To protect patient privacy, the cameras only had views of the hand washbasins and dispensers, and were positioned so that the cameras captured no facial features. With regard to staff privacy, the collected data did not include any subject identifying information and the video segments were not used to observe individual participants.
All ED staff (clinical and non-clinical) and visiting non-ED personnel (e.g. ambulance officers) working during the observation period in the ED were included in the study.
Patients, visitors and individuals who could not be clearly identified as staff were excluded from the analyses.
Data Collection
Six ceiling-mounted, motion-activated, electronic video cameras were installed above three The numbers of observations for the three variables were not exactly the same due to the inability to view some of the actions by participants because of camera angle, product placement, poor lighting and rapidity of hand movement.
Files equal to or less than 700 kilobytes (equating to less than 10 seconds) which were typically non-hand hygiene events (e.g. cleaning of basins), were excluded from the analysis unless they were linked with an event already in progress where the footage was separated into one or more files during filming.
Data Analysis
Descriptive statistical methods were used to organise, summarise and describe the data. Mean values were computed with standard deviation and median values with ranges. The numerator was based on the responses to the variable and the denominator, the overall number of hand hygiene episodes observed for each variable. Percentages were rounded to a single decimal point and may not total 100 for all variables because of rounding. All analyses were performed using SAS.
Results
The majority of recorded episodes of hand hygiene were of ED staff (n = 424, 92.4%). There were 29 (6.3%) episodes by individuals who wore a staff uniform but were unable to be definitively identified as an ED nurse or doctor due to incomplete view of the participant or the image was too dark, however they were not patients or visitors. Only six (1.31%) episodes were performed by non-ED staff e.g. ambulance officers ( Table 1) .
The six cameras recorded a total of 459 hand hygiene episodes in the 24-hour period. There were 171 (37.3%) hand hygiene episodes recorded at Type L washbasins (soap solution on the left side and moisturiser on the right side) and 288 (62.7%) at Type R washbasins ( Table   1 ).
Analysis of product usage found that 412 (98.1%) of intended hand hygiene episodes were performed correctly using a soap-based solution. Eight (1.9%) episodes used an alcohol-based solution only. As alcohol should not be placed at the washbasin, according to guidelines, 17 these were excluded from further analysis rather than trying to classify them as correct or incorrect episodes of hand hygiene (Table 2) . Table 3 shows that the correct product was used for 412 (93.8%) hand hygiene episodes.
Twenty-seven episodes (6.2%) of hand hygiene episodes were performed incorrectly. For one episode (0.2%), moisturiser was used instead of soap, one episode (0.2%) used alcohol instead of soap, water only (without soap solution) was used for nine episodes (2.0%), and 16 episodes (3.6%) involved the use of two products simultaneously. The majority (n = 14, 87.5%) reached for moisturiser first and then dispensed soap solution.
Hesitation (Table 4) was observed for 26 hand hygiene episodes (5.8%). For 11 episodes (2.4%), the moisturiser was applied first and then soap solution; while in 15 (3.3%) the potential error was recognised prior to application, and the hands were ultimately washed with soap solution. Table 5 shows that moisturiser was only applied after hand washing for five (1.7%) hand hygiene episodes. Another six episodes of moisturiser use, separate from a hand hygiene episode involving the use of soap and water, were also observed.
Discussion
Our study is novel in that it looks at a subgroup of people who are compliant with hand hygiene action but do actually wash their hands correctly. We found an overall error rate of 6.2% for incorrect product use and 5.8% for hesitation before using the correct product. We argue that the inconsistent placement of hand hygiene products contributes to poor hand hygiene behaviours, and that conversely standardising their relative positioning and colour/appearance would improve hand hygiene compliance. The standardisation of the relative location of hand wash solutions, such as soap on one side and hand drying agents on the other or preferably still locating moisturiser away from soap, may improve hand hygiene behaviours.
Lotions and creams are recommended to rehydrate (moisturise) and reduce damage to the skin from frequent hand cleansing activities. 18 However our study found that only 1.7% of hand hygiene episodes used moisturiser at the hand washbasin. There were six instances where staff used the moisturiser at the basin as a specific event, separate from hand hygiene perse. The effect of the location of moisturiser on product selection should be examined, as it may be possible to move it away from a hand washbasin. The frequency of use of moisturiser alone was not reported, as such an episode may have been so short as to result in less than 700 kilobytes of data and as such would not have been analysed. However, it can be assumed that staff go to a hand washbasin to find moisturiser when they are not in the process of washing their hands do so as a learned response. As such it would be very easy for them to learn to go to another place in the department if it was moved. Colour coding would facilitate the speed of finding and learning the new locations and prevent confusion with the alcoholbased solution that is also placed away from the washbasin.
Although it is generally not recommended to position alcohol-based hand hygiene products at basins as the efficacy of alcohol is affected by a number of factors including whether the hands are wet when the alcohol is applied, some of the basins had the alcohol foam dispenser located at the basin. 17 Therefore, these episodes where the alcohol-based solution was used correctly, without water, were excluded from the analysis. It may be that clinician was unable to easily identify and readily distinguish the different solutions at the washbasins.
Contributing to this may be the fact that the soap solution and the moisturiser were not being consistently positioned in relation to the basin in the ED (nor in other hospital departments, personal observation of MS) and being provided in visibly similar white containers.
The error rate reported here is for a sample only. Higher rates or error may occur for some staff, in particular nursing staff that comprises the largest workforce. As part of department practices, they are commonly assigned to work at a predetermined number of adjacent patient cubicles, and may use the same hand washbasin routinely and thus not be exposed to the different configurations of hand hygiene solutions at other basins in any particular shift.
Study Limitations
The inability to track individual staff member's frequency and pattern of use at the different types of hand washbasins may have underestimated the actual deleterious impact of lack of standardisation of means to identify and distinguish between the different hand hygiene products placed at a basin. The data used in the analyses came from day 10 of the recordings to ensure minimal change in behaviour as a consequence of staff being aware of the cameras.
The study did not allow us to determine the relative contribution of the inconsistent position and lack of visible product differentiation to the observed error rates.
Conclusions
The results of this study would support the need for standardisation of means to identify and distinguish between the different hand hygiene solutions found at or away from the hand washbasin. We would propose that at least two methods should be used to achieve this; both colour and placement. Standardisation of product identification will achieve a constant improvement in successful compliance with hand hygiene, removed from the vagaries of drop off rates seen with educational endeavours to improve compliance rates and will thus be cost effective to implement. Footnote: The numbers of observations for the three variables were not exact due to the inability to view some of the actions by participants because of camera angle, product placement, poor lighting and rapidity of hand movement. Footnote: The numbers of observations for the three variables were not exact due to the inability to view some of the actions by participants because of camera angle, product placement, poor lighting and rapidity of hand movement. The numbers of observations for the three variables were not exact due to the inability to view some of the actions by participants because of camera angle, product placement, poor lighting and rapidity of hand movement.
